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$\Psi(r, z)$ $=$ $\frac{3U}{4R_{0}^{2}}r^{2}(r^{2}+z^{2}-R_{0}^{2})$ , $(r^{2}+z^{2})^{1\prime 2}<R_{0}$ ,
$=$ $- \frac{U}{2R_{0}^{2}}r^{2}[1-\frac{R_{0}^{3}}{(r^{2}+z^{2})^{3’ 2}}]$ , $(r^{2}+z^{2})^{1\prime 2}>R_{0}$ . (1)
Hill 3
Hill







$p_{s}(r, \theta,t)$ $=$ $\frac{|p_{i}|}{r}f(\theta)e^{i\omega(t-r\prime co)}$ , (2)
$f(\theta)$
Kambe and Mya Oo $(1981)[4]$ Lighthill Bom
$f$
$f_{1}(\theta)$ $=$ $- \frac{\omega_{s}^{2}}{2\pi(1-M_{v}\cos\theta)c_{0}^{3}}V_{n}(\kappa_{0})\cos\theta$ , (3)








$T_{ij}$ $=$ $(\rho^{V}+\rho^{L})(v_{i}+u_{i}^{L})(\tau_{j}’+u_{j}^{L})+(p^{L}-c_{0}^{2}\rho^{L})\delta_{ij}$ (4)
$=$ $\rho^{V}v_{i}v_{j}+\rho^{V}(u_{i}^{L}v_{j}+v_{i}u_{j}^{L})+\rho^{L}v_{i}v_{j}+\rho^{L}(c^{2}-c_{0}^{2})\delta_{ij}$





Kambe and Mya Oo (1981) [4]
[ Born $fi$ $f_{2},$ $f_{3}$
$f_{2}(n)$ $=$ - $\frac{1}{1-M_{v}\cos\theta}n_{i}n_{j}\tilde{B}_{ij}(\kappa_{0})$ , (6)
$f_{3}(n)$ $=$ $- \frac{\omega^{2}}{4\pi c_{0}^{4}}\frac{1}{1-M_{v}\cos\theta}\tilde{C}(\kappa_{0})$ , (7)
$\overline{B}_{ij}(k)$ $\tilde{C}(k)$ uiuj $c^{2}-c_{0}^{2}$ Fourier
(Matched Asymptotic Expansion) [5, 6]
$p_{s}$ $=$ $- \frac{|p_{i}|}{c_{0}^{3}}\frac{\omega^{2}I}{4\pi}\cos\theta(\cos\theta+\cos\mu)\frac{e^{i(kr+kx_{c}-\omega t)}}{r}+O(r^{-2})$. (8)





















Figure 3: $r/R_{0}=20$ . $(a)\lambda/R_{0}=10,$ $M_{v}=0.15,$ $(b)\lambda/R_{0}=10,$ $M_{v}=-0.15,$ $(c)$
$\lambda/R_{0}=2,$ $M_{v}=0.15,$ $(d)\lambda/R_{0}=2,$ $\Lambda f_{v}=-0.15,$ $(e)$ Gauss , $\lambda/R_{0}=10,$ $M_{v}=0.15,$ $(f)$
Gauss , $\lambda/R_{0}=2,$ $M_{v}=0.15$ . : DNS, : MAE, :Born , :
Bom
( ) Moffatt (1969) [10]
$\Psi(r, z)$ $=$ $r^{2}[ \frac{\lambda}{\alpha^{2}}+A(\frac{R_{0}}{\sqrt{r^{2}+z^{2}}})^{3\prime 2}J_{3\prime 2}(\alpha\sqrt{r^{2}+z^{2}})],$
.
(10)





$\frac{dX}{dt}$ $=$ $u(X)$ , (12)
$\frac{dk}{dt}$ $=$
$-\mathcal{L}^{T}k$ , (13)
$\frac{da}{dt}$ $=$ $( \frac{2kk^{T}}{|k|^{2}}-I)\mathcal{L}a$, (14)
$c_{ij}=^{\partial u}i_{x_{j}}$ [11, 12] Euler }
$u’=\exp[i\Phi(x, t)\delta](a+O(\delta))$ $\delta$ ( $=$ )
$k=\nabla\Phi(X(t), t)$ $a$
$\frac{d^{2}q}{dt^{2}}+V(t)q$ $=$ $0$ , (15)
$V(t)$ $=$ $\frac{2\omega_{\theta}k_{\theta}^{2}k_{\perp}^{T}\mathcal{H}k\perp}{k_{\perp}^{2}k^{2}}+[\frac{d^{2}}{dt^{2}}(\log\frac{k\perp}{k})+\frac{d}{dt}(tr\mathcal{L}_{\perp})]-[\frac{d}{dt}(\log\frac{k\perp}{k})+tr\mathcal{L}_{\perp}]^{2},(16)$
$q= \frac{k}{k\perp}k\perp\cross a\perp$ , $\mathcal{H}=\mathcal{L}\perp(\begin{array}{ll}0 1-l 0\end{array})$ . (17)




$k(0)=(\begin{array}{l}cos\chisin\chi 0\end{array})$ . (18)
$(u_{\theta}(0)-r \frac{\Theta’(\Psi)}{T(\Psi)})k_{\theta}(0)+u_{z}(0)k_{z}(0)=0$, (19)
[14] $T(\Psi)$ $(r, z)$-
$\Theta(\Psi)=\theta(t+T)-\theta(t)$









$(r, z)=(r_{0}-\rho_{0},0)$ $\rho_{0}$ $((r_{0},0)$ ;




$(\rho_{0}, \chi)=(0, \cos^{-1}(1/4)\approx 0.42\pi)$
$(\rho_{0}, \chi)=(0, \cos^{-1}(24)=\pi/3)$ Widnall
$(\rho_{0}, \chi)=(0, \cos^{-1}(34)\approx 0.23\pi)$
























Figure 5: ( )
$\rho$ $=$ $\frac{3U}{2}(\frac{\rho}{R_{0}}\frac{3\sqrt{2}}{4}\sin 2\varphi+\frac{\rho^{2}}{R_{0}^{2}}\sin\varphi)$ , (21)
$u_{\varphi}$
$=$ $\frac{3U}{2}[\frac{\rho}{R_{0}}(\frac{5\sqrt{2}}{4}+\frac{3\sqrt{2}}{4}\cos 2\varphi)+2\frac{\rho^{2}}{R_{0}^{2}}\cos\varphi]$ , (22)
$\cos 3\varphi,$ $\sin 3\varphi$ 3
3
$k$ $\mathcal{L}$ 2
: $k=k_{0}+k_{2}e^{2i\omega t}+(p/R_{0})k_{1}e^{i\omega t}+\cdots+c.c$ . (15)
$V(t)$
$V(t)$ $=$ $V_{0}+V_{2}e^{2i\omega t}+V_{4}e^{4i\omega t}+\cdots$






































Figure 6: $(\rho 0, X)$- ( ). (a) $\alpha=1,$ $(b)\alpha=2,$ $(c)$
$\alpha=4,$ $(e)\alpha=4.4$ .
[15, 14]
$u_{\varphi} \frac{d}{d\rho}(\frac{u_{\varphi}}{\rho})[\frac{d}{d\rho}(\frac{u_{\varphi}}{\rho})\frac{d}{d\rho}(\rho u_{\varphi})+(\frac{du_{\theta}}{d\rho})^{2}]<0$ , (24)
( $\theta$ ) Hill
$\alpha>\alpha_{c}\approx 3.2$
32 4
Fig. 7 Widnall $0\leq\alpha\leq 2$
$\alpha=3,4$
4 Hill MHD
Hattori and Moffatt (2006)[3]
Hill MHD
215























$t\cdot puuon$ $M4\cdot|y$ $t\cdot*\mathfrak{n}mon$ $ru$ – $hum\gamma$
PoPo$P0$




: $E_{T}=E_{H}+E_{M}= \frac{1}{2}\int(u^{2}+B^{2})dV$ (25)
: $H_{M}= \int A\cdot BdV$ (26)
: $H_{C}= \int u\cdot BdV$ . (27)

















$B_{\theta}$ $=$ $\kappa r$ , $f(r, z, t)>0$






$\frac{\partial\gamma}{\partial t}$ $=$ $\kappa^{2}R\frac{\partial R}{\partial s}$ , (30)
$\frac{\partial R}{\partial t}$ $=$ $u_{r}(R(s, t), Z(s, t), t)$ , $\frac{\partial Z}{\partial t}=u_{z}(R(s, t), Z(s, t), t)$ , (31)
$u_{r}(r, z)$ $=$ $- \frac{1}{r}\oint\gamma(s, t)[\frac{\partial’}{\partial z}G(r, z|R(s, t), Z(s, t))]ds$ , (32)
$u_{z}(r, z)$ $=$ $\frac{1}{r}\oint\gamma(s, t)[\frac{\partial}{\partial r}G(r, z|R(s, t), Z(s, t))]ds$ . (33)
$f=0$ $s$ $(r, z)=(R(s, t), Z(s, t))$
43
(30)$-(33)$
(34)$\Psi(’\cdot, z_{*})$ $=$ $\{\frac{3U_{0}’r^{2}}{--A42}[1-(\sigma/R_{0})^{2}]2[1-(R_{0}/\sigma)^{3}]$ $\sigma>R_{0}\sigma<R_{0}$
,
$\sigma^{2}=r^{2}+z_{*}^{2}$ $(r, z_{*})=(r, z-U_{0}t)$
$\sigma=R_{0}$
$U_{0}^{2}-U_{0}^{2}=( \frac{2}{3}\kappa R_{0})^{2}$ (35)
$\sigma=R_{0}$ $U_{0}$ Hill $U_{0}’$ Hill
$U_{()}=U_{0}’$ $(\kappa=0)$ Hill






Figure 8: Hill MHD
(a) $t=0,$ $(b)t=2,$ $(c)t=4$.
:
$E_{H}$ $=$ $\pi R_{0}^{3}(U_{0}^{2}+\frac{3}{7}U_{0}^{\prime 2})=\pi R_{0}^{3}U_{0}^{2}(\frac{10}{7}-\frac{4\kappa^{2}R_{0}^{2}}{21U_{0}^{2}})$ , (36)
$E_{M}$ $=$ $\frac{3}{5}\pi R_{0}^{3}(U_{0}^{2}-U_{0^{2}}’)=\frac{4}{15}\pi\kappa^{2}R_{0}^{5}$ , (37)
$E_{T}$ $=$ $\pi R_{0}^{3}(\frac{8}{5}U_{0}^{2}-\frac{6}{35}U_{0}^{\prime 2})=\pi R_{0}^{3}U_{0}^{2}(\frac{10}{7}+\frac{8\kappa^{2}R_{0}^{2}}{105U_{0}^{2}})$ . (38)
$U_{0}’=0$
$E_{H}=\pi R_{0}^{3}U_{0}^{2}$ , $E_{M}= \frac{3}{5}\pi R_{0}^{3}U_{0}^{2}$ , $E_{T}= \frac{8}{5}\pi R_{0}^{3}U_{0}^{2}$ , (39)
$E_{M}/E_{H}=3/5$
contour dynamics Fig. 8
$t=0$ $U_{0}’=0$ $t=2,4$
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